POINT COUNTERPOINT

Should Direct Thrombin Inhibitors Replace Warfarin for Prophylaxis of Thromboembolism in Canadians with Atrial Fibrillation? THE "PRO" SIDE
Warfarin is an effective agent for thromboprophylaxis in patients with atrial fibrillation. 1 Unfortunately, however, this drug also has many limitations: a narrow therapeutic index, multiple drug and food interactions, and genetic variability in its metabolism, to name a few. These limitations contribute to the challenge of optimal use of warfarin, with the result that warfarin is not prescribed frequently enough, nor is it prescribed effectively. For warfarin to be effective, the patient's international normalized ratio (INR) must be within the therapeutic range at least 60% of the time. 2 This requirement is frequently not achieved, with devastating consequences. Gladstone and others 3 reviewed the Registry of the Canadian Stroke Network (now the Ontario Stroke Registry) to identify patients admitted to hospital with acute ischemic stroke who had a known history of atrial fibrillation and who were at high risk of stroke. The study reviewed data for 597 patients with indications for anticoagulation and no contraindications. The strokes experienced by these patients were disabling in 60% of cases and fatal in 20%. 3 Only 40% of the patients had been receiving warfarin, with 31% receiving antiplatelet agents and 29% receiving no antithrombotics at all. Of those who were receiving warfarin, the majority (74%) had a subtherapeutic INR. Underutilization of warfarin has been reported by other authors. For example, Bungard and others 4 found that the reported rates of warfarin use for patients without contraindications ranged from 15% to 79%, with the majority of trials reporting between 20% and 40% of patients having a prescription for warfarin. The reasons for underuse are multiple, from patients' unwillingness to take the drug to physicians' reluctance to prescribe it because of the complexity of dosing, the need for regular monitoring, and inadequate remuneration.
Given the multiple challenges associated with warfarin, and the resultant underuse and less-than-optimal management of warfarin therapy, it is important to identify and use alternatives that are not subject to these challenges. The new oral anticoagulants meet these criteria, being effective, safe, and more convenient than warfarin.
The efficacy of 3 new agents-dabigatran, rivaroxaban, and apixaban-has been demonstrated in the RE-LY, 5 ROCK-ET AF, 6 and ARISTOTLE 7 trials, respectively. The ROCKET AF and ARISTOTLE trials were randomized, double-blind trials, whereas the RE-LY trial used a prospective, randomized, open-label, blinded end point design in which the 2 doses of dabigatran were blinded and warfarin was administered in an open-label fashion. Each agent was shown to be non-inferior to warfarin, [5] [6] [7] and in the cases of dabigatran 150 mg bid 5 and apixaban, 7 the agents were superior in terms of reducing the risk of stroke or systemic embolism (the primary outcome of these trials). In addition, the use of apixaban was associated with a lower annual mortality rate than warfarin; 3.52% versus 3.94% (hazard ratio 0.89, 95% confidence interval 0.80-0.998; p = 0.047). 7 Rivaroxaban and dabigatran had similar hazard ratios for mortality (0.85 and 0.88, respectively), although they did not reach statistical significance. 5, 6 These trials have been criticized because INR control was poor and not reflective of current practice; furthermore, when INR control was good (time in therapeutic range [TTR] > 65.5%), the superiority of these agents disappeared. 8 However, the reality is that good TTR is typically not achieved in practice. Van Walraven and others 9 found that the overall rate was 63.6%, but when the data were broken down by care setting, the TTR for community practice was only 56.7%, and for the majority of patients receiving warfarin, care is managed by community practitioners. Recently, the Canadian Agency for Drugs and Technology in Health (CADTH) reviewed how warfarin management could be optimized 10 and recommended that the drug be managed by a well-coordinated, structured approach dedicated to anticoagulation therapy. What is not known is the percentage of the Canadian population that does or could access such care.
The major concern with any anticoagulant is bleeding. Apixaban had lower rates of major bleeding than warfarin. 7 Although dabigatran 150 mg bid was associated with a higher rate of gastrointestinal bleeding than warfarin, the overall rate of major bleeding did not differ between the 2 agents, and the 110-mg bid dose of dabigatran was associated with lower rates of bleeding than warfarin. 5 Rivaroxaban had rates of major bleeding similar to those for warfarin. 6 All 3 agents displayed a lower annual rate of intracranial hemorrhage than warfarin (0.3%-0.5% versus 0.7%-0.8%), which was independent of the degree of INR control. 10 Concern about intracranial hemorrhage is one of the most frequently quoted reasons for not prescribing warfarin, and it is very encouraging that all of these agents had lower rates of this adverse effect.
Several features make the new oral anticoagulation agents more convenient than warfarin. First, they have a rapid onset, with the anticoagulant effect becoming apparent within 2-4 h after the first dose, rather than the 4-5 days required for warfarin. These agents have been heavily promoted as not requiring any monitoring, and for the most part this is true. In all 3 studies, the efficacy and safety results summarized above were achieved with a fixed-dose, unmonitored regimen. What has become apparent in the postmarketing period is that it is not anticoagulant status, but rather the patient's renal function that requires ongoing monitoring, to ensure that the drug is still an appropriate choice and the dose is correct. 11 Although routine anticoagulation monitoring is not required, monitoring can be performed with these agents. A modified thrombin time assay (Hemoclot [Aniara]) correlates with dabigatran concentration, and any elevation in the thrombin time or activated partial thromboplastin time reflects the presence of dabigatran. 12 Rivaroxaban effects can be measured by rivaroxaban-calibrated anti-Xa levels. 13 Apixaban's effect can be measured by means of the anti-Xa levels currently used for low-molecular-weight heparins.
14 Both rivaroxaban and apixaban will elevate the prothrombin time and INR. Although routine monitoring is not required, it is beneficial to have the ability to determine the presence of drug in the periprocedure or perioperative period through currently available tests. In the future, when the therapeutic ranges have been determined, such testing will be used to tailor the dosages of these medications for better efficacy and safety.
One concern about the new oral anticoagulants, quoted by many, is the lack of an antidote or reversal agent. The effect of currently available factors, such as active and inactive prothrombin complex concentrates (e.g., factor VIII inhibitor bypassing activity, also known as FEIBA, and Octaplex [Octapharma]) or activated recombinant factor VII (also known as rVIIa), on human in vivo laboratory parameters and the ability of these agents to control or minimize bleeding are under investigation. Major and life-threatening bleeding can be managed by supportive measures. 15 In fact, concern about a lack of reversal agent may also apply to warfarin, which is promoted as having antidotes available, specifically vitamin K and prothrombin complex concentrates. However, although these agents have been shown to correct laboratory parameters, their impact on clinical outcomes is not well established. 16 Cost is always a concern with new medications. In terms of direct drug cost, the new agents are significantly more expensive than warfarin ($3/month for warfarin versus $96/month for dabigatran or $85/month for rivaroxaban). However, once monitoring and indirect costs are considered, the difference is not as great. The 3-month cost of warfarin therapy in 2009, from a ministry of health perspective (including costs for the drug, prothrombin time tests, and physicians and other health care providers), was estimated at $108 to $198, and this estimate increased to $187 to $243 when total societal costs, including patient and overhead costs, were considered. 17 What is not known is the cost of the well-coordinated, structured approach outlined by CADTH as being essential to achieving optimal TTR 10 and whether this approach would be available to all Canadians receiving warfarin.
Given the limitations of warfarin, combined with the reluctance of both patients and health care providers to use this drug, the emergence of alternative agents has been eagerly awaited. The new oral anticoagulants are at least as effective as warfarin (and often superior in efficacy), they are as safe or safer with respect to bleeding (particularly intracranial hemorrhage), and they are more convenient to use; as such, they should be considered first-line agents. Although these new agents do require some monitoring, and the choices of agent and dose require careful consideration, they represent a significant improvement over what should now be considered the secondline agent, warfarin. 
THE "CON" SIDE
At first glance, the new oral anticoagulants (dabigatran, rivaroxaban, and apixaban) present enticing alternatives to warfarin for clinicians, mainly for use in patients with nonvalvular atrial fibrillation. However, I feel that caution is warranted at this point, for the reasons outlined below.
Imagine making a favourable judgment about the quality of a book from its interesting cover, but then finding, once the book is opened, that some of the chapters are missing, some have not yet been written, and others can only be found in places other than the book itself. The plot of such a book would be difficult to discern. The story for each of the new oral anticoagulants is very much like this. Knowledge about each of these drugs for the indication of nonvalvular atrial fibrillation comes, in large part, from only one large phase III trial. [1] [2] [3] These 3 studies represent the existing chapters of the book. However, none of the signals of harm, effects in subgroups, or claimed benefits reported in these trials has been replicated in subsequent randomized controlled trials (RCTs). Why is this lack of replication (the missing chapters of the story) a problem? Simply put, the findings of these 3 trials may be false positives (i.e., nonreplicable and not in fact "real"). 4 Recent examples of falsepositive studies have been the mortality reductions observed in the first RCT of activated protein C in sepsis 5 and in a trial of recombinant factor VIIa for treatment of acute intracerebral hemorrhage. 6, 7 In both of these examples, initial phase III trials found mortality reductions in favour of the new drugs, but the reductions could not be replicated in subsequent trials. 8, 9 Findings in the trials of new oral anticoagulants should be considered signals, in terms of both benefit and harm, that must be replicated before they can be considered definitive. More importantly, because the signals of harm reported in these studies are serious, they must be given adequate attention, and appropriate caution must be exercised, before we advocate widespread use that could potentially expose many patients to unnecessary harm. The RCTs that need to be done represent the unwritten chapters of the story.
With regard to chapters residing in places other than between the covers of the book, the current story of the new oral anticoagulants is also being told in publicly available but seldom used regulatory documents, primarily from the US Food and Drug Administration (FDA) (www.accessdata.fda.gov/scripts/ cder/drugsatfda/) and the European Medicines Agency (www.ema.europa.eu/ema/). In particular, many signals of harm became apparent only when I and my colleagues at the Therapeutics Initiative (based at the University of British Columbia, Vancouver, British Columbia) looked into these documents. The following paragraphs, although by no means a comprehensive discussion, summarize our key concerns.
First, can the reductions in stroke being attributed to the new oral anticoagulants be believed? In particular, claims that dabigatran reduces stroke to a greater extent than warfarin should be questioned. The comparison of dabigatran against warfarin was unblinded, and the FDA medical review highlighted evidence that knowledge of treatment assignment may have affected the way in which patients were treated. 10 The FDA review also pointed out that, despite blinded adjudication of outcomes, approximately 17%-20% of the data recorded on case report forms may have been unblinded because of the way in which investigators worded their descriptions of patients' responses. Given this potential for unblinding, the magnitude of stroke reduction reported in the initial trial 1 was likely a reflection, in whole or in part, of bias and thus could easily be overturned or reduced to a clinically unimportant difference in future studies. As for hemorrhagic strokes, the rate with each of the new oral anticoagulants was lower than the rate with warfarin. [1] [2] [3] There was, however, one interesting discrepancy: if hemorrhagic strokes are reduced among patients receiving one of the new oral anticoagulants, fatal or disabling strokes should also be reduced, but such a reduction was not observed for dabigatran or rivaroxaban, 1,2 relative to warfarin (and this outcome was not reported for the apixaban trial 3 ). My second concern arises from the impression I get from media reports, marketing, and word-of-mouth in the clinical community that the new oral anticoagulants do not increase the risk of major bleeding relative to warfarin. However, for a patient or a clinician who is trying to make an informed decision about whether to consider a new oral anticoagulant, this impression is not quite accurate. In my view, it would be more accurate to say that there appears to be a bleeding trade-off. For dabigatran and rivaroxaban, rates of intracranial hemorrhage were lower, whereas rates of major gastrointestinal bleeding were higher, relative to warfarin. 1, 2 The apixaban RCT demonstrated absolute reductions of 1% for major bleeding and 0.7% for intracranial hemorrhage relative to warfarin (with no increase in the risk of major gastrointestinal bleeding). 3 The increased risk of some types of major bleeding and decreased risk for other types may hold different levels of importance for different patients.
The third concern is that our understanding of the optimal dose for each new oral anticoagulant is still evolving. At present, monitoring of international normalized ratio (INR) is not required with these agents, and it may seem like heresy to suggest that this lack of monitoring is a "bad" thing. However, one must consider the potential riskiness of a "one-or two-dose regimen fits all" approach for these potent anticoagulants. But what do the trials tell us about the choice of dose? In fact, the story is not complete in the available chapters (i.e., the published RCT reports [1] [2] [3] ), and different interpretations of these data appear in the FDA reports 10, 11 and in independent analyses 12 of the RCT data. For example, the FDA questioned the choice of rivaroxaban 20 mg once daily, suggesting that 20 mg twice daily might have been a better choice, given the drug's pharmacokinetics and pharmacology.
11 At a higher dose, rivaroxaban might have performed better than warfarin in terms of stroke reduction, but there might also have been an increased risk of toxicity relative to what was seen with the once-daily dose. For dabigatran, others have noted that the 110-mg twice-daily dose reduced all-cause hospital admission but also increased the risk of fatal or disabling stroke relative to the 150-mg twice-daily dose. 12 In addition, the investigators in the RE-LY trial of dabigatran published a substudy which suggested that for patients older than 75 years of age, the risk of major bleeding was greater with the 150-mg twice-daily dose than with warfarin (the risk was the same for the 110-mg dose and warfarin). 13 For apixaban, there are no publicly available analyses from regulators or independent groups that thoroughly explain the justification for the dose used in the ARISTOTLE trial. 3 The fourth concern relates to the increased risk of thrombosis with both dabigatran and rivaroxaban. In a recently published meta-analysis, Uchino and Hernandez 14 suggested a significantly increased risk of myocardial infarction or acute coronary syndrome with dabigatran relative to all comparators in RCTs for all conditions. Some have questioned the relevance of an analysis that compares dabigatran with all comparators for several different indications. The argument for such an approach is that it is has more statistical power to reveal differences because of the large patient numbers obtained by pooling data. But are these differences meaningful? The answer is yes: Uchino and Hernandez 14 found no statistical heterogeneity, which indicates that the risk of myocardial infarction or acute coronary syndrome associated with dabigatran was consistently present, despite differences among the trials. In addition, similar signals of harm were present with ximelagatran, a close relative of dabigatran.
11
With rivaroxaban, the signal for rebound thrombotic risk has not been publicized. The FDA medical review 11 noted that upon discontinuation of therapy in the ROCKET AF trial, 2 stroke or systemic emboli occurred more frequently among patients who stopped taking rivaroxaban than among patients who stopped taking warfarin (22 versus 6 events in the 30 days after stopping).
The final concern is based on the lack of detail about serious adverse events in all 3 trials. Comparisons of serious adverse event rates, if such events had been accounted for and reported properly 15 by the investigators of all 3 trials, would allow an assessment of whether the signals of serious harm are outweighed by the signals of benefit. For dabigatran, our group requested details of total serious adverse events, but the manufacturer would not release the information unless we signed a confidentiality agreement. The manufacturer did tell us that strokes and deaths were not reported as serious adverse events in the published trial report, despite the fact that these occurrences are, by definition, serious adverse events. For rivaroxaban, the FDA report stated that deaths and bleeding episodes were recorded in the published data on serious adverse events, but no details have been provided as to how strokes were accounted for in the analysis of such events. 11 For apixaban, no details have been reported as to how serious adverse events were counted. All of the trials reported an investigator-defined net benefit outcome, which included outcomes thought to be affected by the new oral anticoagulant but did not include all serious adverse events (i.e., events not expected to be due to these drugs); this approach has limited utility and ignores possible serious harm related to the new drugs. Without details on total serious adverse events, the true risk-benefit ratio remains unknown.
In summary, the currently available evidence for new oral anticoagulants suggests possible clinically important benefit coupled with possible clinically important serious harm. As the scientific method suggests, these initial findings should not be considered definitive evidence. Rather, they require replication in future RCTs before they can be believed. In the meantime, patients and clinicians need to be aware of all the facts that are currently available if they are to make informed decisions about these new drugs. Should patients use these drugs? Certainly they would need to be made aware of the aforementioned concerns (including the fact that a bleeding reversal agent has not been identified for any of them) before making a decision to do so. Would I take one of the new oral anticoagulants? Only if I couldn't take warfarin or acetylsalicylic acid for stroke prevention with nonvalvular atrial fibrillation. I look forward to reading subsequent chapters in the story of these new oral anticoagulants.
